. These methods have usually been based on differences in cell size (1, 2) or density (3, 4) . Recently, Lovhaug et al. (5) have shown that CFU-S and CFU-C can also be distinguished from each other by their ability to resist hypotonic lysis. Exposure of a heterogeneous hematopoietic cell population to water depletes its CFU-S content much more rapidly than its CFU-C. Dr . Cline is a recipient of an endowment from the Ambrose and Gladys Bowyer Foundation.
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This observation led us to apply the hypotonic lysis method to further characterize the cells that form colonies in the spleens of lethally irradiated mice (CFU-S), in plasma clots in diffusion chambers (CFU-DG) implanted in mice, in agar (CFU-C), and in methyl cellulose ( Hypotonic lysis. Cell suspensions were centrifuged at 1,500 rpm for 10 min at room temperature. The medium was removed and the remaining cell button was suspended in double-distilled water for periods up to 5 min. Isotonicity was restored by adding double-strength culture medium; subsequently, the numbers of CFU-S, CFU-DG, CFU-C, CFU-E, BFU-E, and morphologically recognizable cells were determined (5) .
CFU-S assay. Mice used to assay CFU-S were pretreated with 750 R total-body irradiation. Each mouse received 0.2 ml of cell suspension (original suspension contained 4 x 105/ml). They were killed 9 d later and their spleens were removed and fixed in Bouin's solution. The number of macroscopic colonies on the surface was determined (7) .
Diffusion chamber assay. The plasma clot diffusion chamber technique used in this study is a modification (8) of the original described by Steinberg et al. (9) . Diffusion chambers were prepared by gluing Millipore filters (Millipore Corp., Bedford, Mass.), pore size 0.22 fi.m, on both sides of a plastic ring. Each chamber was filled with 0.1 ml of suspension (original contained 1 x 106 mouse or 4 x 106 human bone marrow cells/ml). After sealing, two chambers were implanted into the peritoneal cavity of each mouse. Recipients of diffusion chambers that contained human marrow were pretreated with 300 mg/kg cyclophosphamide 4 h before implantation. The plasma clot that had formed inside the chamber was fixed in 5% glutaraldehyde and stained with benzidine-hematoxylin, dried, and made transparent by dipping in immersion oil. On microscopic examination, cell aggregates containing >19 myeloid cells were considered colonies.
Agar colony assay. A double-layer agar technique was used to assay CFU-C (10, 11). Mouse bone marrow cells were cultivated in the presence of colony-stimulating activity prepared from pregnant uteri and embryos as described (12) . When human bone marrow cells were used as a target, colonystimulating activity was derived from human peripheral blood cells. Portions of the cell suspensions used for the diffusion chamber assay were plated.
Triplicate cultures were incubated in 7.5% CO2, and the colonies were counted after 7 (mouse) or 10 (human) d.
Methyl cellulose technique. Mouse bone marrow (original contained 3 x 106/ml) was cultured in Petri dishes using the methyl cellulose technique of Iscove et al. (13) as modified by Golde et al. (14) . Human urinary erythropoietin was obtained from the Blood Resources Division of the National Institutes of Health, Bethesda, Md. Duplicate plates were incubated at 37°C in a humidified atmosphere of 7% CO2 in air. On day 2, cell aggregates which contained more than seven erythroid cells were counted as colonies (CFU-E). On day 8, aggregates of40 cells or more were counted as BFU-E.
RESULTS
Exposure of murine bone marrow to water markedly decreased the number of viable cells during the 5-min period applied in this study. Total cell number changed only slightly (Fig. 1) . Smears of the cell suspensions revealed that erythrocytes and their nucleated precursors disappeared within 30 s. Both mononuclear cells and granulocytes representing all stages of maturation were seen in all samples. However, prolonged exposure to water distorted the cell morphology and made the differential counts unreliable. The erythroid precursor, CFU-E, disappeared within 30 s (Fig. 3) . At 1 min no BFU-E were detected (Fig. 3) . At 2 min all CFU-S and 95% of CFU-DG were eliminated. At the same time, the CFU-C number had declined only 20%. An additional 3-min exposure caused a decrease ofCFU-C to 10% ofthe initial count (Fig. 3) .
As displayed in Fig. 3 , a 3-min exposure of cells to hypotonicity resulted in elimination of CFU-DG and CFU-S, whereas over 40% of the CFU-C could be detected. In two experiments this cell suspension was concentrated by centrifuging and assayed for colony formation. The results ( Table I ) clearly indicate that the CFU-C number was directly related to the size of cell inoculum. Practically complete absence of CFU-S and CFU-DG is suggested by the very low colony yield even from the concentrates.
To determine whether decrease in colony formation was caused by direct effect on the precursor cell or mediated by action on a "helper" cell, suspensions of mouse cells subjected to the curves presented in Fig. 4 . The normal bone marrow of the mice used in these experiments contained on the average 25% lymphoid cells, 4 .5% theta-sensitive cells,2 and 0.4% monocytoid cells. The viable thymocyte count decreased at the same speed as in lymphocytes. Addition of these potential helper cells did not augment CFU-S, CFU-DG, CFU-C, BFU-E, or CFU-E numbers after lysis.
CFU-DG from human marrow also displayed higher sensitivity to hypotonic treatment than CFU-C. After 2 min of exposure to water the CFU-DG and CFU-C numbers has decreased to 1 and 64% of their original numbers, respectively (Fig. 5) . Comparison of Figs. 3 and 5 shows that the human CFU-C were more easily destroyed than the murine CFU-C.
As a result of lysis, cell debris inseparable from the viable cells is left in the medium. Because this might affect the plating efficiency, we added normal human or mouse bone marrow cell suspensions to tubes that contained a button of debris obtained by 15-min H20 lysis of bone marrow cells and assayed the mixture for CFU-S, CFU-DG, CFU-C, BFU-E, and CFU-E numbers. No significant effect was observed. (Fig. 3) . They are destroyed within 30 s of exposure to water. BFU-E is nearly as sensitive, disappearing inl min. Murine CFU-S are somewhat more resistant; 2 min is required to totally destroy them (Fig.  3) . The mouse CFU-DG fare slightly better than the CFU-S; for example, at the 1-min point 30% of the former and only 7% of the latter are detectable (Fig. 3) .
Comparison of the mouse and human CFU-DG curves (Figs. 3 and 5) reveals that they closely resemble each other, with the 1-, 2-, and 3-min points being nearly identical. Of the colony-forming units, both human and mouse CFU-C were clearly the most resistant to water treatment (Figs. 3 and 5) . The morphologically recognizable cells were able to resist the hypotonic effect of water more successfully than CFU-S and CFU-DG. From the results obtained, one can conclude that during the maturation along the granulocytic line, cells acquire increased capability to tolerate hypo-osmolar conditions. Decrease in colony-forming unit numbers as a result of exposure to water may not necessarily reflect direct effect on the precursor cells. Several workers have suggested that normal monocytoid cells (15, 16) and T cells (17) may enhance erythropoiesis in vitro. Despite contradictory reports (18, 19) , the possibility that hypotonicity in fact selectively destroyed the helper cells In earlier works we have been able to show that the colonies formed both in diffusion chambers (CFU-DG) and in agar (CFU-C) consist of myeloid cells but are probably not expressions of the same precursor cell. The observations forming the basis of this conclusion were: (a) CFU-DG are formed much faster from cultured murine marrow than are CFU-C (8). (b) The human CFU-DG and CFU-C behave quite differently in an in vivo culture. The number of CFU-DG decreases progressively during a 4-d period, whereas the CFU-C decline initially then increase above the original inoculum number (20) . In this work the distinctiveness of CFU-C and CFU-DG is supported by the observed differences in response to hypotonicity. Human (Fig. 5) and murine (Fig. 3 ) marrow exposed to hypotonic lysis for 2 and 3 min, respectively, still contained a considerable number of CFU-C but formed no colonies on subsequent culture in diffusion chambers. On the other hand, in an earlier work (20) in most cases 2-d culture of human hemopoietic cells in vivo resulted in a cell suspension that gave rise to colonies in diffusion chambers (CFU-DG) but not in agar (CFU-C), this time suggesting that CFU-DG do not differentiate in agar.
Results fromii this and an earlier study (20) suggest that both human and murine CFU-DG are more primitive than CFU-C. Still unanswered remains the question of whether CFU-DG is an expression of differentiation of the pluripotent stem cell; i.e., is it identical with murine CFU-S or its human equivalent, or is it an intermediate stem cell that is not yet comitted to granulocytic differentiation. The cell separation techniques based on differences in cell size and density hopefully may help us to solve this problem.
Data displayed in Fig. 3 and Table I clearly indicate that we now have a simple and reproducible technique to obtain a population rich in CFU-C and devoid of other precursor cells. This certainly facilitates interpretation of results because the effect of efflux from an earlier compartment can be ignored.
